Abstract Coffee is known throughout the world for its distinct aroma and flavour which results from a number of volatile compounds present in it. It is very difficult to arrest the aromatic compounds once the roasting process is complete and it becomes even more challenging to store the beans for a longer time with the retained volatiles as these compounds are easily lost during industrialized processing such as the grinding of roasted coffee beans and storage of ground coffee. Thus, an attempt was made to minimise the loss of volatile from roasted coffee beans by coating with Carboxymethyl cellulose (CMC), Hydroxypropylmethyl cellulose (HPMC) and Whey protein concentrate. Coffee volatiles were analysed by Gas chromatography and 14 major compounds were identified and compared in this study. Results showed an increase in the relative area of major volatile compounds in coated roasted coffee beans when compared with unroasted coffee beans for consecutive two months. Moreover, effect of coating on textural properties and non-volatiles were also analysed. The results have indicated that edible coatings preserve the sensory properties of roasted coffee beans for a longer shelf life and cellulose derivatives, as an edible coating, exhibited the best protecting effect on roasted coffee beans.
Introduction
Coffee, a dark brown drink, prepared from the roasted or baked seeds of several species of an evergreen shrub of the genus Coffea, is known throughout the world for its distinct aroma. Coffee is the second most sold commodity around the world, after oil (Fitter and Kaplinksy 2001) . Coffee has been consumed for over 1,000 years and today, it is considered to be the most consumed drink in the world (more than 400 billion cups yearly) (Sobésa 2008) . The main producers of coffee in the world are Brazil followed by Veitnam, Columbia, Indonesia, Ethiopia, and India (International Coffee Organization ICO 2014). The total coffee production has increased from 128,636,000 bags from 2008 to 145,775,000 bags in 2013. The characteristic flavor and richness of coffee aroma makes it a unique beverage, with almost a thousand volatile compounds identified in roasted coffee (Yeretzian et al. 2003) . Varying the roasting time has a significant effect on the flavour, aroma, and colour of the brewed coffee. An international group of scientists has reported that inhaling the rich, warm aroma of a hot cup of coffee may alters the activity of some genes in the brain, reducing the effects of sleep deprivation (Hindmarch et al. 2000) . Spouted bed roasting (SBR) technology which operates on the principle of high temperature short time processing is used for roasting of coffee beans (Nagaraju et al. 1997) . There is very good mixing of solids and effective gas-particle contact in SBR which facilitates HTST (High Temperature Short Time) processing and provides clean uniformly roasted products (Nagaraju and Ramalakshmi 2002) . The optimized combinations of temperature and time of roasting considered were 237-250°C and 180-240 s respectively, considering the brightness and maximum force of samples (Nagaraju and Bhattacharya 2010) . Moreover, fast roasting is reported to result in higher amount of soluble solids, less degradation of chlorogenic acids, lower loss of volatiles, and lesser burnt flavor (Nagaraju et al. 1997) .
Roasting green coffee beans in the spouted bed roaster led to marked change in color and texture of products (Nagaraju and Bhattacharya 2010) . Excessive roasting produces more bitter coffee that lacks satisfactory aroma, whereas very short roasting time may be considered as insufficient to develop full organoleptic characteristics (Buffo and Cardelli-Freire 2004) . The formation of color and flavor producing compounds is accompanied by a large increase in bean volume and changes in ultrastructure of both the cell wall and the cytoplasm of the green bean (Schenker et al. 2000) . The characteristic aroma of coffee is developed during roasting of green beans which involves exposing the coffee beans to a warming process that is sufficient enough for driving off the free and bound moisture content. The roasting process can be divided into three phases as drying of moisture from beans, pyrolytic reactions for aroma release and final cooling phase to stop exothermic reactions (Buffo and Cardelli-Freire 2004) . Thus, coffee aromatic compounds are formed by the reactions that occur during roasting such as Maillard reaction, Strecker degradation, and degradation of sugar and breakdown of amino acids (Makri et al. 2011) . The aroma of roasted and ground coffee is critical to consumer liking (Denis Fisk et al. 2012) . The unique aroma profiles of coffee are closely related to the time-temperature profile used during roasting. (Illy and Viani 1995) listed some chemical processes that affect the development of volatile compounds in coffee such as Maillard reaction, Strecker degradation, amino acid degradation, degradation of trigonelline, sugars, phenolic acids and interaction between the decomposition products formed by these reactions. More than 800 volatile compounds have already been identified in roasted coffee, among which, about 40 compounds such as hydrocarbons, alcohols, aldehydes, ketones, acids and anhydrides, esters, lactones, phenols, furans and pyrans, thiophenes, pyrroles, oxazoles, thiazoles, pyridines, pyrazines, and other nitrogenous and sulfurous compounds (Grosch 2001 ) are responsible for the characteristic aroma of coffee (Belitz et al. 2009) . No previous study has been done on coating of roasted coffee beans thus, the edible coatings should be selected in a way that they should retain the original taste, texture, and appearance of the product, and should be categorised as GRAS (Generally Regarded as Safe). It is estimated that the thickness of the coating should not exceed 0.3-0.4 mm, or the tongue will be able to detect it (246th National Meeting & Exposition of the American Chemical Society). The effectiveness of a polymer or edible films as an aroma barrier can be described by its diffusion, solubility, and then permeability coefficients (Fabra et al. 2008) .
In this work, an attempt has been made to preserve the major volatiles and sensory attributes of roasted coffee beans so as to achieve the maximum aroma and taste during consumption. Some carbohydrate and protein edible coatings have been applied to the roasted coffee beans in order to restrict the escape of aromatic substances in the environment and would be released as the result of disruption (through grinding or increased temperature) or dissolving into a liquid.
Materials and methods

Materials
Peaberry (raw) coffee beans were procured from local market of Mysore, India. Carboxymethyl Cellulose (Sodium salt), Hydroxypropylmethyl Cellulose were procured from Thermofishers Scientific, Hyderabad, India and whey protein concentrate (with 89-90 % protein content) was procured from Pristine Organics, Bangalore, India. Solvents used were of HPLC grade and were provided by Lobal Chemie, Mumbai, India.
Roasting and coating of coffee beans
The raw green beans of peaberry coffee were roasted at 230-235°C for 20-25 min in Spouted Bed Roaster developed by CSIR-CFTRI, Mysore (Nagaraju et al. 1997 ). The edible coating materials used was carboxymethyl cellulose (CMC), hydroxypropylmethyl cellulose (HPMC) and whey protein concentrate (WPC). The concentrations used for preparation of coating material were optimized on the basis of viscosity of the coating material and some initial trials (with different concentrations) which included a further GC analysis of the samples for a better optimization. All the analysis was compared with Control (uncoated roasted coffee beans). Thus, systems studied were: a) CMC b) HPMC c) WPC and d) Composite coating of WPC and CMC. Pranoto et al. 2009 also studied the e ff e c t o f M e t h y l c e l l u l o s e a n d h y d r o x y p r o p h y l methylcellulose-based coatings on partially defatted peanut.
The coating of coffee beans was done in a coating pan (Ekneet and Bodhisattwa 2011) , revolving at a constant speed and a maintained temperature of 70-80°C, so that simultaneous drying of beans is also initiated forming a continuous film on the surface of beans. A spray assemble connected to a compressor was used for spraying of coating solution.
Preparation of coating solution 1.5 % (w/v) solution of CMC was prepared in sterile triple distilled water, followed by stirring until the powder was wetted and a consistent dispersion was obtained. The solution was then allowed to equilibrate to room temperature. Then, glycerol was added as a plasticizer (1.9 %) and the solution was stirred for another 10 min and cooled. 150 mL of CMC solution was used for coating of 500 g coffee beans.
Similarly, 2.5 % (w/v) solution of HPMC was prepared by dispersing 2.5 g of HPMC powder in 100 mL of sterile triple distilled water followed by addition of 1.9 % glycerol and stirring at constant intervals until the powder was wetted and a consistent dispersion was obtained. 100 mL of this solution was then used for coating of 500 g roasted coffee beans.
Whey protein solution was prepared at 15 % (w/v) in triple distilled water and then homogenizing for 10 min using a homogenizer at 2,000 rpm. 2 mL glycerol as a plasticizer was added. Then 75 mL of this solution was used for coating of 500 g roasted coffee beans.
For a composite coating preparation, 15 % (w/v) WPC was used as a first coat followed by a second coat of 50 mL solution of 1.5 % CMC solution. Then, 75 ml of this solution was used for coating 500 g of roasted coffee beans.
Texture analysis of coated roasted beans
In texture analyser (Lloyd Instruments Ltd, UK), compression testing was done where a probe was allowed to moved down slowly at pre-test speed until a threshold value (the trigger) has been reached. The probe then moved at a set distance at a set speed into the sample material that was placed (or fixed) on the base table of the instrument. The load was continuously monitored as a function of both time and distance until the probe again returned to its starting position. Each sample was repeated five times.
Scanning electron microscopy of coated coffee beans Scanning electron microscopy of the films was performed with a Leo 435 VP, (Leo Electron Microscopy Ltd, Cambridge, UK) electron microscope. Pieces of coffee beans were mounted on aluminium stubs using a double-sided tape and then coated with a layer of gold (30 A°), to make the sample conductive, allowing surface and cross-section visualization. All samples were examined using an accelerating voltage of 15 kV. Microphotographs were taken at magnifications of 500x.
Particle size analysis of coating material
The coating material was tested for particle size in a particle size analyzer (Zetatrac, Microtrac). Samples were added in sample holder, till it reaches its loading range and particle size distribution was determined with the velocity distribution of particles, suspended in a dispersing medium, using the principles of dynamic light scattering. All analysis was performed in triplicates.
Preliminary analysis of coffee volatiles by electronic nose
Electronic Nose (E-Nose) consists of a sampling system (for a reproducible collection of the mixture), an array of chemical sensors, electronic circuitry, and data analysis software (Gardner and Bartlett 1999). For analysis, 2 g samples of each coated and uncoated roasted coffee beans were taken in small vials which were crimped with seal and septa in a way that it filled 1/4th of the volume. Then, the apparatus (α-Fox 4,000, Alpha MOS Company, France) was switched on and pure air was run for 2 hrs to optimize the conditions through all the triple set of six sensors. After calibration, headspace air was collected in the injection and injected in the port. This method was repeated five times for each sample.
Sample preparation for volatile analysis by GC A Simultaneous Distillation Solvent Extraction (SDE) was carried out using Likens-Nickerson apparatus. 30 g sample of ground coffee with 1,000 mL distilled water was placed in 2 L round bottle flask at one end of the apparatus, while the other end was fitted with a 250 mL round bottle flask containing 50 mL dichloromethane (DCM). Apparatus was connected to a chiller at 10°C. Coffee sample was heated at 90-100°C while DCM was set at 40-50°C and process was continued for 3 hrs. Collected volatiles in DCM were then concentrated to 1 mL and used for GC injection.
GC analysis of volatiles
Volatile concentrates were analyzed using Perkin Elmer, Clarus 580, (USA) Gas Chromatograph for a capillary column Elite 5 (Crossbond® 5 % diphenyl-95 % dimethyl polysiloxane; Perkin Elmer, USA) and Flame ionization detection (FID) system. 1 μL samples were injected. The chromatograph was operated using programmed temperature ramps with the following conditions: initial temperature, 40°C; hold time, 5 min; ramp, 0.5°C/min up to 60°C; ramp, 5°C/min up to 180°C; hold time, 1 min. The carrier gas used was nitrogen at the flow rate of 40 mL/min. The temperature of the injector and detector was 210 and 220°C, respectively.
Identification of volatile compounds and quantitative measurements
Volatile compounds of coffee were identified by comparing the retention times with those of reference standards, and based on the comparison of their mass spectra with library spectra (NIST/EPA/NIH, 1995). Then, the quantification was done by comparing the relative area peaks. A mixture of standard hydrocarbons was dissolved in acetone and injected into GC-MS (Perkin Elmer, USA) following the same protocol as GC. Volatile components were identified by comparisons with the Kovats gas chromatographic retention index and MS fragmentation pattern of authentic chemicals. Thus, based on the Kovats index and mass spectra of sample, the maximum hits given were compared with the mass spectra of the related compounds from NIST and Wiley library. Control (roasted and uncoated) and coated coffee samples were ground and mixed with 100 mg of FTIR grade KBr and pelletized i.e., pressed into pellets under mechanical pressure. The FTIR spectrum was recorded at 400-4,000 cm -1 at room temperature in FTIR Nicolet Magna 5,700 spectrophotometer (Thermo electron Inc., NICOLET 5,700, FT -IR, USA).
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Results and discussion
Texture analysis
An average compression load and a maximum compression load was calculated for each coffee bean type and it was found that maximum compression load was increasing in the coated beans as compared to the uncoated beans. This result showed that coating material was increasing the durability of the coffee beans and thus its breakage due to mechanical shearing can be prevented. The samples were tested five times for each type and an average value was calculated as given in Table 1 , which shows the maximum compression load for each bean type from a constant height of 6.35 mm. The data from the Table 1 depicts that more compression load is required for breaking the composite coated coffee beans, followed by CMC, HPMC, and WPC coated beans. Hence, the hardness of the coffee beans has increased with a uniform coating layer over them. Jokanovića et al. 2012 had also studied the effect of roasting on the physical properties of coffee beans and investigated the effects of heating time on weight, volume, texture, and colour of coffee beans. They predicted the moisture content, and density changes as the main factors that affect the mechanical properties of coffee beans during roasting.
Scanning electron microscope SEM micro-images showing the surface morphology of uncoated roasted coffee beans obtained is represented in (Fig. 1) while that of the coated roasted beans is shown in (Fig. 2) . The comparative study of different coated beans at magnification of 500x showed some crevices and peeling off of coating material in case of WPC coated film which formed on the surface of roasted coffee beans while the layer was comparatively intact in CMC and HPMC coated coffee beans. Some bruises or bumps were observed in the case of composite coating, but from the microimages it was found to be in comparison with the control because roasting of coffee beans causes the surface uneven and porous forming it non- uniform which made the coating to peel off from some regions. Moreover, WPC solution used for coating of coffee beans had a very less viscosity as compared to the CMC and HPMC solutions because of which it may have been difficult for the WPC molecules to retain on the surface of the coffee beans as the beans are of porous nature (Schenker et al. 2000) with oil sweating surface.
Particle size analysis of coating materials
The average particle size as determined by Zetatrac particle size analyzer gives the following results as shown in Table 2 and the bell-shaped curve obtained by the analysis is shown in Fig. 3 . The particle size value that was obtained at the peak point of bell shaped curve was considered for the analysis as an average value of size of the particles present in the solution. Figure 4 shows a comparison plot of particle sizes for all the three solutions giving a relative graph of varying ranges of particle sizes. CMC particles lie in the size range of 100-200 μm, HPMC has a particle size range of 10-100 μm while WPC has a range of 10-60 μm. Thus, it shows that the particle size is ranging maximum for CMC while the particle size range for WPC is the minimum.
Preliminary analysis of aroma compounds by E-nose
Principal Component Analysis (PCA) plots were obtained through E-Nose to analyze the headspace coffee volatiles present in coated roasted coffee samples and comparing it with the plot obtained for uncoated roasted coffee sample.
Thus, this study gave a relative comparison of headspace volatiles with the control sample. Figure 5 clearly demonstrates the difference between the plots of the coated samples and uncoated samples and also predict that there had been some changes in the sensory attributes of roasted coffee beans due to coating material. The sensory attributes of CMC coated coffee beans showed the maximum distantly related properties while HPMC showed the minimum changes in properties. The overall comparison with control showed that some changes might have been induced in the component profile of headspace volatiles of the coated coffee beans which made it to be categorized as a different aromatic compound otherwise there would have been an overlapping of the sample's PCA plot with the control.
Identification of compounds by GC-MS
The main flavored compounds identified in this study were 2, 3-pentanedione, pyridine, dihydro-2-methyl-3 (2H)-furanone, methylpyrazine, furfural, 2-furanmethanol, 1 (acetyloxy)-2-propanone, 1-(2-furanyl) ethanone, 5-methyl-2-furancarboxaldehyde, 2 furanmethanol acetate, 2-methoxyphenol, 1-(2-furanylmethyl)-1H-pyrrole, 4-Ethenyl-2-methoxy-phenol. The compounds identified by other researchers include 2-furfurylthiol and furfuryl methyldisulfide which has a sweet mocha aroma (Marsili 2010) . These are the main character impact compounds for aroma of roasted Arabica coffee. The compounds found to be shared by most of the bean varieties include furanmethanol, 2,5-dimethylpyrazine, pyridine, 2,3-pentadione, furanmethanol acetate, 2-methylfuran and 2,3-pentadione (Bendlin and Chapman 2006) . Furanmethanol has a characteristic caramel or burnt sugar like aroma. 2,3 Pentanedione gives a buttery flavor to coffee (Czerny et al. 1999 ) while 2,5 dimethylpyrimidine gives it a nutty roasted flavor. 2-Methyl dihydrofuran-3(2H)-one is a pleasant smelling furan derivative. Methylpyrazine is used as an index for monitoring the coffee roasting and is usually present in 7-30 % depending on the roasting conditions. It has a strong nutty, musty, meaty roasty flavor. Furfural and 3-furanmethanol are the key odorants responsible for coffee aroma in brewed coffee. Furfural gives a cooked pea, smoky aroma, while 3-furanmethanol gives it a burnt, unpleasant smell. 1-(2-Furanyl) ethanone is also one of the key component of coffee aroma. 2-Methoxy-4-ethyl-phenol has been associated with roasted or burnt flavor (Maga 1978) . (Farah and Donangelo 2006) suggested that products from oxidation of phenolics compounds or from other chemical reactions involving phenolics compounds could be associated with low quality and perhaps with a specific off flavor named Rio. Pyridine is characterized by a pungent, penetrating, and diffusive odour, generally described as nauseating, but in extreme dilution it becomes warm, burnt, and smoky (Flament 2002) . Pyridines are formed by degradation of sulphur containing amino acids.
Comparative analysis of volatile (Aroma) compounds by GC
The coated and uncoated coffee samples were stored at room temperature and volatiles were concentrated using SDE for GC injections after 1 week, 1 month and 2 months of coating. These samples were then analysed from the same batch, after this particular span of coating, so as to observe the shelf life up to which the edible coating is arresting the escape of volatile coffee compounds. It was found that there was an increase in volatile area peaks for almost all the samples for up to two months. The retention of coffee volatiles was highest after one week and one month of roasting while a gradual decrease of some of the volatile compounds was observed after one month of roasting. This indicates that the coating materials were efficient in retaining the volatile compounds for upto two months while in uncoated coffee sample, that was used as a control from the same batch, there was a loss of volatiles even after one week of roasting. For CMC coated beans (Table 3) , there was a gradual increase for almost all the volatiles such as, dihydro-2-methyl-3(2H)-furanone, which showed a tremendous increase in area after every analysis when compared with the uncoated coffee beans and aroma losses were comparatively less. Methylpyrazine showed an increase of 1-2 % in area everytime when compared with the control. Furfural showed an area % of 4.21 after 1 month of coating, while that of the control sample was 2.69 %. 2-furanmethanol showed a constant increase in area while the volatile losses were observed in control samples everytime. 1-(Acetyloxy)-2-propanone, 5-methyl-2-furancarboxaldehyde, 2-chloro-6-(2-furanylmethoxy)-4-(trichloromethyl)-pyridine and 4-ethenyl-2-methoxy-phenol also showed a gradual increase in areas over a period of 2 months. 1-(2-Furanyl) ethanone showed an increase in area from 4.52 to 13.62 %.
For HPMC coated beans (Table 4) , 2,3-pentanedione was showing a tremendous increase in area as compared to the control samples which was showing an area of less than 1 %. Dihydro-2-methyl-3(2H)-furanone showed a gradual increase in volatile areas while some losses were observed in the control samples. Methylpyrazine showed the maximum retention as the initial area observed was 9.40 % while for the last trial also the area calculated was 9.28 %. 2-Furanmethanol showed some initial losses but then the volatiles were found to be retained in the next trials. 1-(2-Furanyl)-ethanone, 4-ethenyl-2-methoxy-phenol, 2-furanmethanol acetate and 5-methyl-2-furancarboxaldehyde also showed an increase in volatile area % when compared with the control areas.
Similar results are indicated in Table 5 for the coffee beans coated with whey protein concentrate, which showed that Pyridine was showing an initial increase in area % upto 1 month but after that, there was a gradual decrease in peak area. A constant increase in peak areas, when compared with the control samples, had also been observed in dihydro-2-methyl-3(2H)-furanone, methylpyrazine, furfural, 1-(2-furanyl) ethanone, 5-methyl-2-furancarboxaldehyde and 2-furanmethanol acetate. 2-Furanmethanol showed an initial decrease in peak area when compared with the control but for the next two trials, it showed an increase in area. The peak area % was 19.17 % for control and 25.16 % for the coated sample.
For composite coated coffee beans (Table 6) , the results showed an initial increase of 2,3-pentanedione, pyridine, methylpyrazine, and furfural while continuous increase was observed for dihydro-2-methyl-3(2H)-furanone, 1-(acetyloxy)-2-propanone, 1-(2-furanyl) ethanone, 5-methyl-2-furancarboxaldehyde, 2-furanmethanol acetate, 2-methoxyphenol, and 4-ethenyl-2-methoxyphenol for a period of two months after coating of beans. FTIR analysis for non-volatiles FTIR analysis suggested that there had been no such significant change in the overall component profile of coffee nonvolatiles, when coated samples were compared with the uncoated samples. Therefore, this result confirms that all the coating materials were causing a chemical and physical change only in the coffee volatiles and were not causing any significant changes in the coffee non-volatiles. Figure 6 shows the FTIR spectra obtained for uncoated sample of coffee beans while Figs. 7, 8, 9 and 10 shows the FT-IR spectra for CMC coated, HPMC coated, WPC coated and composite coated coffee samples respectively. Coffee non-volatiles are the major precursors of coffee volatiles, thus it shows that coating materials are not causing any hindrance in the stability of these precursors and thus is maintaining the functionality of these compounds.
Hydrocarbons show IR absorption peaks between 2,800 and 3,300 cm -1 due to C-H stretching vibrations. The hybridization of the carbon affects the exact position of the absorption; stiffer bonds vibrate at higher frequencies. sp3 C-H: 2, 800-3,000 cm ) (Socrates 1994; Briandet et al. 1996) . The peaks at 2,924 and 2,855 cm -1 can be assigned to asymmetrical stretching vibrations of C−H bonds, whereas the peak at 1, 746 cm -1 arises from C=O bond stretching. Stretching and bending of C=O and -CH 2 -accounts for the maximum at 1, 163 cm -1 (Hennessy et al. 2009 ). Benzene rings often give characteristic absorptions at about 680-900 cm . This is generally a strong absorption, but can be difficult to detect if the fingerprint region is complex. Carbonyl compounds can be found at 1,640-1,820 cm -1 and give generally a very strong peak. Aldehydes correspond to 1, 720-1,740 cm . Ketones have the simplest spectra among the carbonyl compounds, with the C=O stretch and the C-H stretch being the major absorptions (Lyman et al. 2003) 
Conclusion
In this study, an attempt was made to minimize the loss of volatiles from coffee beans by giving it a coating of carboxymethylcellulose, hydroxypropylmethyl cellulose and Whey protein concentrate which showed that cellulose derivatives (CMC and HPMC) gave the best aroma retentions when compared with the uncoated roasted samples. Whey protein concentrate has also showed a good retention of aromatic compounds but still some of the volatile compounds were found to be able to escape to the environment because of the crevices and peeling off of coating material from the surface of beans, as was observed in the images obtained by SEM analysis. Because of the viscosity differences and rheology of the coating materials, it may have become difficult for the whey protein coating to form strong bonds with the porous surface of coffee beans, while cellulose derivatives, which have more viscosity, managed to form a uniform layer over the bean surface. Moreover, Texture analysis also predicts the enhanced durability of the coffee beans due to the edible coating. In addition, FTIR analysis has showed that edible coatings do not affect the non-volatile profiles of the coffee beans, and thus only the volatile retentions are observed. Therefore these edible coatings have proved their significance in preserving the aromatic attributes of roasted coffee beans for over a shelf life of two months and thus, this coating concept promises a great potential for the storage application of roasted coffee beans.
